Materials and methods
Site-directed mutagenesis of pHK853CD was carried out using the PCR-based QuikChange system (Stratagen) and primers summarized in Table SI 
TM0853 full-length localization in E. coli.
E. coli strain BL21-codon plus(DE3)-RIL (Stratagen) transformed with pHK853-His was grown at 20, 25, 30 or 37 ºC in LB media supplemented with 100 µg/ml ampicillin and 33 µg/ml chloramphenicol. His6-HK853 expression was induced at an OD600 of ∼0.5 by the addition of 1mM IPTG for up to 3, 4, 5 and 6 hours for 37, 30, 25 and 20 ºC cultures, respectively. Cells were harvested, washed with buffer S (50 mM sodium phosphate pH 8.0, NaCl 0.5 M and 1 mM phenylmethylsulfonyl fluoride) and lysed by sonication. Cellular debris and possible inclusion bodies were eliminated as described (Knaust and Nordlund, 2001) . The soluble and membrane fractions were separated by ultracentrifugation at 200000 g for 1h, and the membrane fraction was brought to equal volume of soluble fraction with buffer S using a homogenizer. The level of His-HK853 in each fraction was quantified by pull-down assay as follows.
Equal volumes (100 µl) of the soluble and membrane fractions for each temperature were diluted to 500 µl with buffer S and 10 µl of Ni-Chelating Sepharose beads (Amersham Biosciences) equilibrated in buffer S were added. The mixture was incubated 3 h at 4°C with rotation, pulled down by centrifugation and washed four times with buffer S containing 25 mM imidazole. The proteins bound to the resin were eluted with buffer S containing 0.5 M imidazol and separated by 12 % SDS-PAGE. The gels were stained with Sypro Ruby (Molecular Probes), read with a Fluoro Image Analyzer FLA-5000 (Fuji) and HK853 was quantified using the Multi Gauge 2.0 software.
Protein purification. For isolation of HK853-CD, E. coli strain BL21 containing pHK853CD was grown in 2L of LB broth at 37 °C. Induction was performed at an OD 600 of ~0.5 with 1mM isopropyl-β-D-thiogalactopyranoside for up to 3 h. Cells were harvested, lysed by sonication, and the debris was removed by centrifugation. The Autokinase assays. The autokinase activity of HK853-CD and its mutants (2-5 µM)
were measured in 25 mM Tris pH 8.0, 100 mM KCl, and 2 mM MgCl 2 at 37 ºC.
Reactions were initiated upon addition of [γ- Crystals of selenomethionyl I370M/V373M HK853-CD in AMPPNP grew under similar conditions. All X-ray datasets were collected at 100K at the NSLS Beamline X4A on a CCD Quantum 4 detector. The diffraction data were processed and reduced with Denzo and Scalepack (Otwinowski and Minor, 1997) . Statistics for all used data sets are given in Table II .
Nucleotide hydrolysis analysis. The nucleotide content of crystals and the AMPPNP hydrolysis capacity of HK853-CD were analyzed by FPLC as described (Lima et al, 1997) . Adenosine nucleotides run as standards showed retention times that decreased Structural determination and refinement. The structure was solved at 2.1 Å resolution using data from a four-wavelength MAD experiment on a single crystal of the selenomethionyl I370M/V373M HK853-CD double mutant. Coordinates for all four possible selenium sites were found by SOLVE (Terwilliger and Berendzen, 1999) giving a mean figure of merit <m>=0.55 and Z-score=12.09 and refined with SHARP (de la Fortelle and Brigogne, 1997). Initial MAD phases to 2.1 Å spacings were improved and extended to 1.9 Å by density modification using histogram matching and solvent flattening against the native HK853-CD data set as implemented in program DM (CCP4, 1994) . The quality of phases enabled WarpNtrace (Perrakis et al, 1999) automatically to build and refined 182/257 visible residues including side chain positions. The structure was completed after cycles of interactive manual building with O (Jones and Kjeldgaard, 1997 ) and computational refinement with CNS (Brunger et al, 1998 ). The final model consists of 240 residues out of a total of 257 residues, five with double conformation (residues 291,293,440,441 and 442), a hydrolyzed molecule of AMPPNP, 179 water molecules and one sulfate ion. Stereochemistry checks indicate that the refined model is in quite good agreement with expectations for models within this resolution range (Laskowski, 1993 ). The refinement statistics are summarized in Table I . Atomic coordinates and structure factors have been deposited into the Protein Data Bank with accession code 2C2A.
Structure and sequence comparisons. The least-squares superimpositions were calculated using LSQMAN (Kleywegt, 1996) . The overall best fits between the structures were determined using the 'Brute' option in the program with a cut-off distance criterion of 3.5 Å and a minimum fragment length of three consecutive residues. The coordinates were taken from the Protein Data Bank with entry codes:
CheA-KD, 1B3Q (Bilwes et al, 1999) PhoQ-KD, 1IDO (Marina et al, 2001 ) and NtrB-KD, 1R62 (Song et al, 2004) ;. Sequence alignments among these proteins were based on structural superimposition. 
